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5 A DEVICE AND A M ETHJCM>-EQBL-REI\/lQ^aNiI,^^ 
FROM A MOULDING TOOL 

TECHNICAL AREA 

10 The present Invention relates to a device and a method for re- 
moving an object from a moulding tool in connection with casting 
or moulding an object, wherein there is a retaining force be- 
tween the moulding tool and the object. 

15 Such a device may be used for removing objects in connection 
with different kinds of moulding and casting processes, for ex- 
ample Injection moulding, vacuum forming, thermoforming, com- 
pression moulding, or blow moulding. 

20 PRIOR ART 

There are many known methods for forming an object. One cate- 
gory of forming methods have in common that they are based on 
a work-piece, which is heated until it becomes formable and is 

25 then formed by pressing the work-piece against a moulding tool 
having a surface of a shape, which determines the shape of the 
object to be formed. The work-piece is usually a sheet or a tube 
of plastic that is heated until it becomes soft enough to be 
formed. When the work-piece has reached the correct tempera- 

30 ture, the object is formed by pressing the work-piece against a 
moulding tool so that the work-piece is formed after the surface 
of the moulding tool. Cooling of the object takes place in the 
moulding tool until the object is stable enough to allow to be 
moved for further processing. Examples of such forming meth- 

35 ods are thermoforming, vacuum forming, compression moulding, 
or blow moulding. 
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Another method for forming objects is casting. At casting proc- 
esses, the source material is heated until it melts and the object 
is formed by supplying a moulding tool comprising a moulding 
space, the shape of which corresponds to the shape of the ob- 
5 ject, with the liquid cast material. The moulding tool usually con- 
sists of two halves, wherein one side Is movable and the other is 
fixed. The object Is kept in the moulding tool until it is cool 
enough to allow further processing. The moulding tool is opened 
by moving the movable side aside and the object is picked out of 
10 the casting machine. Thereafter, the next object can be cast. 

A problem in connection with casting and moulding of objects Is 
that the object shrinks when it solidifies and gets stuck in the 
moulding tool. This means that, in some cases, it is necessary 

15 to use large forces to loosen the object from the moulding tool. 
This problem has, for example, been solved by providing the 
moulding tool with ejectors, for Instance in the shape of pins, 
pushing the object and In such a way ejecting it out of the 
mould. To avoid deformation of the object by the ejectors, the 

20 object has to be kept in the moulding tool until it is solid enough. 
During casting processes producing large volumes, short cycle 
times are Important for an optimal production and therefore it is 
desirable to remove the object as early as possible from the 
moulding tool. 

25 

It is also known with devices for moving the finished object from 
the moulding tool after the object has been released from the 
moulding tool. One such known device comprises a body pro- 
vided with suction cups, which are coupled to the object. At first, 

30 the suction cups are coupled to the object and thereafter the ob- 
ject is released from the moulding tool by means of the ejectors. 
When the object is released, the device transports the object 
away from the moulding tool to a suitable place for further proc- 
essing. Such a device cannot be used for releasing the object 

35 due to the fact that the suction cups may cause deformation of 
the object if it has not become entirely solidified. 
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OBJECT AND SUMMARY OF THE INVENTION 

The object with the present invention is to provide a device as- 
5 sisting in releasing and removing objects from a moulding tool 
without causing any deformation of the object and thereby mak- 
ing it possible to remove the objects before they are entirely so- 
lidified. 

10 This object is achieved by the initially mentioned device which is 
characterized in that it comprises a body, coupling means ar- 
ranged for coupling the object to the body, and means for apply- 
ing a traction force on the object, which is substantially opposite 
to said retaining force, wherein the body is designed with a con- 

15 tact surface adapted for at least partly being In contact with the 
object, and a coupling means is arranged to couple the object to 
the contact surface such that said traction force becomes sub- 
stantially uniformly distributed over the part of the surface that 
is in contact with the contact surface. By distributing the traction 

20 force over as large a surface as possible, deformation of the 
surface of the object is avoided. The size and the shape of the 
contact surface determine how the traction power affects the 
device, and thereby the risk for deformation of the object. The 
larger the part of the surface of the object that is in contact with 

25 the contact surface is, the less the traction force per unit of area 
is, despite the fact that the total traction force on the object is 
still the same. 

Thanks to the fact that the device can remove the object without 
30 substantially deforming the surface of the object, it is enough to 
keep the object in the moulding tool until the outer surface of 
the formed object Is substantially form stable. Thus, it is possi- 
ble to remove the object earlier and the cycle time at moulding 
or casting can be reduces in comparison with prior art. It is ad- 
35 vantageous to use the device according to the invention in con- 
nection with the previously mentioned ejectors to remove the 
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object. Thanks to the fact that the device applies a traction force 
on the object at the same time as the ejectors are pushing out 
the object, the ejectors do not necessarily have to push with as 
large a force as if they alone had to remove the object and 
5 thereby the risk for deformation of the object by the ejectors is 
reduced. 

According to a preferred embodiment of the invention, the con- 
tact surface has a shape that Is substantially adapted to the 

10 shape of the object. To distribute the forces over as large a part 
of the surface of the object as possible, it Is advantageous if the 
contact surface has a shape that is substantially adapted to the 
shape of the object. It is an advantage if the contact surface has 
a shape that substantially is a reproduction of at least a part of 

15 the surface of any side of the formed object. The contact surface 
does not have to be an exact reproduction of the surface of the 
object; a rough reproduction it is enough. Depending on the 
shape of the object, the contact surface has to completely, or 
only partly, Imitate the surface of the object. For a less compli- 

20 cated shape, it may be enough if the contact surface reproduces 
one or a few chosen parts of the object surface. 

According to a further embodiment of the invention, the body 
comprises at least one section made of a substantially inelastic 

25 material and said section being arranged in connection to the 
contact surface. The body and the contact surface shall be 
shaped so that they form a support for the object and thereby 
contribute the object keeping its shape and not being deformed 
during the removal of the object from the moulding tool. To be 

30 able to be such a support for the object, at least the section of 
the body that is closest to the contact surface ought to be made 
of an substantially inelastic material. 

According to a further embodiment of the invention, said cou- 
35 pling means Is arranged to couple the object to the contact sur- 
face by means of under-pressure. Preferably, the coupling 
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means is arranged so that it creates said under-pressure be- 
tween the contact surface and the surface of the object. By the 
creation of an under-pressure between the surface of the object 
and the contact surface, the applied traction force becomes 
5 evenly distributed over the surface of the object. 

According to a further embodiment of the Invention, the coupling 
means comprises sealing means arranged for sealing between 
the contact surface and the object, and at least one coupling 
10 channel being arranged in connection to the contact surface, 
wherein the coupling channel Is arranged for transporting air 
away from the contact surface. 

According to a further embodiment of the invention, it comprises 

15 at least one air-permeable contact means having a surface be- 
ing at least a part of the contact surface and arranged to be in 
contact with the object in such a way that deformation of the ob- 
ject is counteracted. The contact means Is arranged such that 
air Is transported away from the contact surface to the coupling 

20 channel via the contact means. It is advantageous if the contact 
means is made of an substantially Inelastic material. With such 
a contact means, it Is possible to create an under-pressure be- 
tween the contact surface and the object without deforming the 
surface of the object. If the coupling channel is connected di- 

25 rectly to the contact surface, its entrance opening may cause 
deformation of the surface of the object, if the suction force is 
too large. Thanks to the fact that the contact means is arranged 
between the suction opening and the coupling channel, it is pos- 
sible to increase the cross-section area of the coupling channel 

30 and the suction opening, which means that the suction force on 
the object can be increased without leading to deformation of 
the surface of the object. 

According to a further embodiment of the Invention, the contact 
35 means comprises a plurality of elements arranged such that 
cavities are formed between them, wherein transportation of air 
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is permitted through the contact means. It is advantageous if the 
contact means is substantially made of a sintered metal or a sin- 
tered metal alloy. 

5 According to a further embodiment of the invention, the contact 
means is arranged such that transportation of air from the con- 
tact surface to the coupling channel is performed through the 
contact means and that said sealing means is arranged so that it 
surrounds the contact means. To achieve an under-pressure be- 

10 tween the contact surface and the object without risl<ing that the 
yet not stable surface layer of the object becomes deformed, air 
from the contact surface is transported to the coupling channel 
via the contact means. 

15 According to a further embodiment of the invention, said means 
for applying a traction force on the object is arranged for co- 
operation with the moulding tool for application of the traction 
force on the object. This means, for example, that the ejectors 
of the moulding tools are used to achieve a traction force on the 

20 object. 

Another object of the present Invention is to achieve a method 
for loosening and removing objects from a moulding tool without 
deforming the objects. This object is achieved by a method ac- 
25 cording to claim 12. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will now be explained more closely by the 
30 description of various embodiments of the invention and with 
reference to the appended figures. 

Figs. 1-3 show a device according to a first embodiment of the 
invention and its use in connection with vacuum 
35 moulding. 
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Fig. 4 shows a device according to a second embodiment of 
the invention in connection with jet moulding. 

Fig. 5 shows a device according to a third embodiment of the 
5 invention. 

DETAILED DESCRIPTION OF PREFERRED ElVIBODIMENTS 

The figures 1-3 show a device 1 according to the invention ap- 

10 plied in a vacuum-moulding machine. The device 1 is arranged 
for removing an object from a moulding tool and then to trans- 
port the object away from the moulding tool without deforming 
the object. The vacuum-moulding machine comprises a mould- 
ing tool 2 having a surface, the shape of which determines the 

15 shape of the object to be mould. The source material to be 
mould is usually a sheet of a suitable plastic. The sheet is 
heated during the vacuum-moulding process so that it becomes 
soft and formable. When the sheet has reached the right tem- 
perature, a relative movement between the sheet and the mould- 

20 ing tool 2 occurs so that they get In contact with each other. 
Thereafter, the sheet is sucked towards the forming tool by 
means of under-pressure, so that the sheet is shaped after the 
surface of the moulding tool and the object 3 is formed. Cooling 
is performed in the moulding tool until the object becomes sub- 

25 stantially form-stable. During the cooling, the object often 
shrinks and thereby retaining forces arise between the object 
and the moulding tool. 

The device 1 comprises a body 5 made of a substantially inelas- 
30 tic material, for example hard plastic or a metal, such as alumi- 
num, magnesium, or steel. Examples of suitable plastic materi- 
als are PON, ABS, PA, PC, PUR. The device is provided with a 
surface 9 adapted for at least partly being in contact with the 
object. The surface 9 is in the following denoted the contact sur- 
35 face. The shape of the contact surface 9 depends of the shape 
of the object to be removed from the moulding tool. In this ex- 
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ample, the shape of the contact surface depends on the shape 
of the surface of the object 3, which faces away from the mould- 
ing tool 2. 

5 The device 1 comprises coupling means arranged to couple the 
object to the body 5 by means of under-pressure. The coupling 
means comprises at least one coupling channel 13 arranged in 
the body 5 for transporting air away from the contact surface so 
that an under-pressure is created that adheres the object to the 

10 contact surface. In this embodiment, the body is provided with 
three coupling channels 13. The coupling chiannels 13 emerge 
into the contact surface 9 and are arranged so that they can be 
emptied of air, so that an under-pressure is produced In the 
channels. The coupling channels converge in a mutual channel 

15 14 leading out from the body 5 and is connected to a (not 
shown) pump or other another piece of equipment for producing 
under-pressure in the channels. The coupling means is arranged 
so that it creates a force per surface area which is larger than 
0.3 atm, or rather so that it creates a force per surface area 

20 which is larger than 0.7 atm. 

At least one recess is provided in the contact surface 9. In this 
embodiment, the contact surface is provided with three re- 
cesses, each of which having a corresponding coupling channel 

25 13 emerging in the recess. In each of the recesses, one air- 
permeable contact means 17 is arranged. In this embodiment, 
the contact means fills up the space in the recess completely, 
but in an alternative embodiment, the contact means fills up at 
least a part of the space. The contact means 17 is arranged be- 

30 tween the contact surface 9 and the coupling channel 13 and is 
intended for transportation of air between the contact surface 
and the coupling channel. The contact means 17 is fastened to 
the recess in any known way, for example, by force fitting, glu- 
ing, soldering or welding. 
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The contact means 17 has an inner side turned toward the cou- 
pling channel 13 and an outer side turned outward, toward the 
object 3. The outer side the contact means forms a part of the 
contact surface 9 and has a shape depending on the shape of 
5 the object to be treated. Around the outer periphery of the re- 
cesses and thereby around the contact elements, sealing means 
are arranged, the purpose of which Is to seal between the object 
and the body 5 when the air is pumped from the area between 
the object and the coupling channel to achieve an under- 
10 pressure in the recess. The fact that the contact means is per- 
meable means that it is porous, i.e. it comprises air holes or hol- 
low spaces permitting air to pass through them. For the best 
functioning, the hollow spaces should have an average size lar- 
ger than 25 |im. 

15 

Besides transporting air away from the contact surface, the task 
of the contact means is to prevent deformation of the object 
when it is coupled to the device. For the purpose of preventing 
deformation of the object, the contact means is shaped so that 

20 its outer side, during removal, bears on and supports the sur- 
face of the object. To achieve this supporting function and to 
prevent deformation of the surface, the outer side of the contact 
means is adapted to the shape of the object and the contact 
means is made of a substantially inelastic material, for example, 

25 plastic, graphite, metal, or a metal alloy. 

The contact means 17 is substantially disc-shaped and may 
have an arbitrary outer contour line, for example, circular or 
square. The height of the contact means depends on the poros- 

30 ity of the contact means. The lower the porosity is, the thinner 
the contact means has to be to achieve enough airflow through 
the contact means. Typically, the height of the contact means 
should lie within the interval 0.5-50 mm. The contact means 
should have an area preferably equal to, or more preferably lar- 

35 ger than, the area of the coupling channel connected to the con- 
tact means. The size of the area depends on the porosity of the 
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contact means. The lower porosity, the larger the area has to be 
to avoid that the contact means throttles the airflow. 

In one embodiment example, the contact means 17 is made of 
5 sintered metal. The sintered metal comprises a plurality of metal 
particles melted together and between which hollow spaces are 
formed through which air may pass. The hollow spaces formed 
between the sintered particles form channels transporting air 
from the contact surface 9 to the coupling channels 13. In an 

10 alternative embodiment, the contact means comprises a set of 
elongated elements arranged parallel to each other, so that they 
form a three-dimensional pattern. The elongated elements are 
arranged so that they extend from the bottom of the recess to 
the contact surface 9. The surface of the upper ends of the 

15 elongated elements is adapted to bear on the object 3 and 
thereby supporting the object and to prevent deformation of the 
surface. The elongated elements are arranged at a distance 
from each other, so that channels are form between them, which 
permit transport of air through the contact means. 

20 

The device 1 comprises a handling member 20 arranged to 
move the device 1 to and from the moulding tool 2 and to apply 
a traction force on the device when it is coupled to the object to 
remove the object from the moulding tool. The handling member 

25 20 is, for example, a movable arm or as shown in figure 1 a 6- 
axis industrial robot. The robot comprises arms movably ar- 
ranged in relation to each other. Figure 1 shows the device 1 on 
its way downward in a direction towards the object 3 to dock 
therewith. When moulding of the object is finished, the body 5 is 

30 docked against the object 3, so that the surface of the object 
bears on the contact surface 9. When the surfaces are fitted to 
each other, air is pumped out through the coupling channels 13, 
wherein the spaces between the surface of the object and the 
coupling channels are emptied on air. In such a way, an under- 

35 pressure is effectuated between the contact surface and the sur- 
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face of the object, which under-pressure adheres the object 
against the contact surface by a force. 

Figure 2 shows how the object 3 Is released from the moulding 
5 tool 2 by the handling member 20 applying a traction force on 
the device 1 In a direction away from the moulding tool. Thus, 
the applied traction force acts also on the object and Is opposite 
said retaining force. The traction force is applied until the object 
is released from the moulding tool. Arrows in figure 2 show how 
10 the traction force acts on the object. When the object has been 
loosened from the moulding tool, the device 1 with the object 3 
is taken away from the moulding tool 2 and moved to a suitable 
place outside the moulding machine for further processing as 
shown in figure 3. 

15 

Figure 4 shows how a device 38 according to the invention can 
be used at a jet moulding process in which plastic objects are 
produced. The casting machine comprises a moulding tool, 
which has two halves, one movable half 30 and one fixed half 

20 32. In this embodiment example, the movable half 30 is provided 
with an ejection means for ejecting the device 33 from the 
moulding tool. The ejection means is arranged movable between 
a first and a second position, and the movement of the ejection 
means between the first and the second position ejects the ob- 

25 ject 33. The ejection means comprises ejection members 34 in 
the form of pins adapted to be in contact with the object 33 dur- 
ing the ejection and ejector return members 35. in the form of 
protruding bars, the task of which is to return the ejection 
means, with the ejection members 34, to the first position. The 

30 ejection members and the ejection return members are fastened 
to a movably arranged plate 34. Another type of ejectors uses 
pressurized air to eject the object. 

A device 38 according to a second embodiment of the invention 
35 is arranged for removing objects from the moulding tool and 
then transporting the objects away from the moulding tool with- 
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out deforming them. The device 38 comprises a body 39 sub- 
stantially shaped in the same way as the previously described 
device 1 according to the first embodiment of the invention. The 
second embodiment differs from the first embodiment in that a 
5 body 39 Is provided with one or a plurality of protruding ele- 
ments 40 arranged on opposite sides of the body 39. The pro- 
truding elements 40 are arranged for co-operation with the ejec- 
tor return members 35 in such a way that the movement of the 
ejector means is transformed to a traction force on the device 33 

10 through the elements 40 and the body 39. The elements 40 are 
arranged so that they bear on the ejector return members 35. 
When the ejector means is moved towards its second position, 
the ejector return members 35 are moved until they are in con- 
tact with the elements 40 and thereby the ejectors 35 apply a 

15 force to the elements 40 and thereby also to the body 39 in a 
direction away from the moulding tool. The device 38 comprises 
a handling member 41, the object of which is to move the device 
to and from the moulding tool. 

20 When the moulding tool is closed and fixed, liquid plastic mate- 
rial Is pressed Into the moulding tool. Cooling occurs in the 
moulding tool until the object 33 is form-stable, i.e. until the ob- 
ject is stable enough to allow being moved to the device 38. 
When the object is form-stable, the moulding tool is opened and 

25 the device 38 Is moved to the movable half 30 of the moulding 
tool, where the object 33 is, and is docked with the object, so 
that the surface of the object bears on the contact surface. 
Thereafter, the object is adhered to the contact surface by an 
under-pressure created between the object and the contact sur- 

30 face. When the object in such a way has been coupled to the 
device, the plate 36 is moved until the ejector means 34 is in 
contact with the object 33 and the ejector return members 35 
are in contact with the elements 40. The plate 36 is moved fur- 
ther until it reaches the second position. During this movement, 

35 forces are applied to the object 33 from two sides, partly push- 
ing forces from the ejector means 34 and partly a traction force 
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from the device 38 through the ejector return members 38 and 
the elements 40. Thanks to this co-operation between the forces 
from the ejector means and the device, the object can be re- 
moved without substantially deform the object. When the object 
5 has been released from the moulding tool, the handling member 
41 moves the device 38 with the object 33 away from the mould- 
ing tool 30, 32 to a suitable place outside the casting machine. 

Figure 5 shows a device 42 with a body 43 according to a third 
embodiment of the invention for removing an object 33 from a 
moulding tool 44. This embodiment differs from the previously 
described embodiments in that the device 42 comprises push- 
away members 46 adapted to bear on the moulding tool and to 
apply a force between the moulding tool 44 and the device 42, 
which acts separating on them. The push-away members 46 are, 
for example, cylinders and pistons or screw devices, which, for 
example, are driven pneumatically, hydraulically or purely me- 
chanically. The device is arranged so that the members 46 apply 
the separating force between the moulding tool and the device 
in connection with the object to be removed from the moulding 
tool. In one embodiment, the moulding tool 44 is fixedly ar- 
ranged during the removal of the object and the separating force 
causes the device to move relative to the moulding tool. In an- 
other embodiment, the device 42 is fixedly arranged during the 
removal of the object and the separating force causes the 
moulding tool to move relative to the device 42. 

The invention is not limited to the disclosed embodiments but 
may be varied and modified within the frame of the following 
30 claims. For instance, said means for applying a traction force on 
the object can be shaped in many different ways. In an alterna- 
tive embodiment, said means for applying a traction force on the 
object comprises that the device according to the invention is 
fixedly arranged relative to the moulding tool which is arranged 
35 movable in relation to the device. When a force is applied to the 
moulding tool In a direction away from the object coupled to the 
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device, this force causes a counteracting force from the device 
on the object. 

There are also alternatives to the use of under-pressure for 
5 connecting the object to the device. If the object, for example, 
has one or more attachments protruding from the side of the ob- 
ject that is turned away from the moulding tool, the coupling 
means may comprise a stick, which is pushed through those at- 
tachments and in such a way couples the object to the device. 
10 Alternatively, the coupling means comprises an elongated, thin 
element, such as a blade or something similar, which is pushed 
in along the edge of the object, and the object Is later pulled out 
by means of this element. 

15 To counteract deformation, the entire body or at least the sec- 
tion of the body, which is arranged in connection to the contact 
surface, should be made in an substantially inelastic material. 
However, in an alternative embodiment, the contact surface can 
be covered with a thin layer of any elastic material to improve 

20 the contact with the object. 

The traction force does not have to be entirely opposite the re- 
taining force, but the traction force should at least comprise a 
component that is opposite the retaining force. 

25 

Alternatively, the driving system of the casting machine can be 
used for achieving the traction force on the object. 



30 



